Purpose: To apply a statistical bootstrap analysis to assess the dose response relationship for pneumonitis and myocardic toxicity as endpoints, using radiotherapy with respiratory gating for left breast cancer treatments.
0052
Optimization of cranio-spinal irradiation for paediatric medulloblastoma using VMAT and IMRT To retrospectively compare VMAT and IMRT for cranio-spinal-irradiation (CSI) of standard-risk medulloblastoma (MB) paediatric patients and to estimate their impact on the potential clinical benefit.
Methods and materials:
We selected 10 paediatric MB patients, with a median age of 7.5 years, who received CSI with a dose of 23.4 Gy, followed by a boost to posterior fossa up to 55.8 Gy.
Clinical and planning-target-volumes were contoured on axial CT-images. Dose distributions to target and OARs for each planning technique (VMAT and IMRT) were measured and compared with published dose-volume toxicity data for paediatric patients.
Results:
Analysis and comparison of dose distributions and DVHs demonstrated the following: 1. VMAT had a modest, but significantly better, planningtarget volume-dose coverage and homogeneity compared with IMRT; (2) there were different OAR dose-sparing profiles for IMRT versus VMAT; (3) neither IMRT nor VMAT demonstrated dose reductions to the published pediatric dose limits for the eyes, the lens, the cochlea, the pituitary, and the brain; and (4) the low dose spread to non-target tissue was lower and statistically significant (p=0.00625) for VMAT plans (V5Gy of 37.37% for VMAT vs. 40.69% for IMRT), and showed an inverse linear dependence with the patient antero-posterior diameter at xyphoid level.
Conclusion:
VMAT and IMRT produce similar dose distribution for CSI of paediatric patients. Paediatric patients with standard-risk MB remain at risk for late endocrinologic, sensory (auditory and visual), and brain functional impairments. Further research is needed to assess the clinical benefit of novel radiotherapy modalities.
0061

Assessment of uterine perforation and its dosimetric effects in image-guided HDR brachytherapy for cervical cancer
Yasir Bahadur Purpose:
To retrospectively assess the incidence of sub-serosal and uterine perforation of intra-uterine tandem in intracavitary high-dose-rate (HDR) brachytherapy for cervical cancer, and to evaluate its dosimetric implications on CT-based treatment planning.
Material and methods:
CT-images and brachytherapy plans of cervical cancer patients treated from February 2006 to December 2012 were reviewed for sub-optimal implants (sub-serosal and uterine perforation), and their correlation with FIGO-stage and patients' age. For each patient, the plans showing sub-optimal insertion of intrauterine tandem were compared to plans with adequate insertion. The difference in dose coverage of clinical-target-volume (CTV) and variation of the dose delivered to organs-at-risk (OARs) rectum and bladder were evaluated.
Results:
A total of 231 brachytherapy plans for 82 patients were reviewed. We identified 12(14.6%) patients and 14(6%) applications with uterine perforation, and 12(14.6%) patients and 20(8.6%) applications with sub-serosal insertion of tandem. Data analysis showed that advanced stage correlates with higher incidence of sub-optimal implants (p = 0.005) but not the age (p = 0.18). DVHs analysis showed large variations for CTV dose coverage: D90 significantly decreased with average of -115.7%±134.9% for uterine perforation and -65.2%±82.8% for sub-serosal insertion (p=0.025). The rectum and bladder dose assessed by D2cc increased up to 70.3% and 43.8%, when sub-optimal insertion occurred.
Conclusions:
We report a low incidence of uterine perforation and sub-serosal insertion of uterine tandem in intracavitary HDR brachytherapy for cervical cancer. However, the effects on treatment plan dosimetry can be considerably detrimental. Therefore, we recommend image-guided insertion, at least for the challenging cases.
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Stereotactic Radiotherapy for Localized Prostate cancer, which is better Cyberknife or Rapid Arc? MOHAMED HEGAZY 1 ,2 Methods: The study included six patients treated with CK then replanned with RA. The prescription dose was 36.25 Gy in five fractions. The two SBRT techniques were compared by target coverage, normal tissue sparing, and dose distribution parameters. Monitor units (MUs) and the delivery time were compared to assess delivery efficiency.
Results: The RA plans exhibited superior PTV coverage (PTV mean 100% vs 105% and PTV maximum 107 vs 127%) and better bladder (V36 Gy 1.8% vs 4.1%) and rectum (V36 Gy 0.25% vs 0.71%) sparing at high doses. The conformity and homogeneity indices of the RA plans were better than the CK plans (CI mean 1.05 vs 1.2 and HI mean 1.1 vs 1.27). Additionally, the RA plans resulted in lower dose regions, lower monitor units, and faster delivery times (mean 2 minutes) than the CK plans (mean 34 minutes). In radiation therapy, our concern, the tumor in the Breast will be exposed to high-energy X-rays that destroy cancerous cells. It is often used as post-surgery therapy in an effort to kill any remaining undetectable cancer cells that may have invaded areas nearby the original site of the tumor.
Conclusions
Purpose: During radiation therapy of the breast, other organs in the body may receive a significant radiation dose that triggers a secondary cancer in these organs. In this study, the Out-of Field radiation doses will be measured in some organs and will be evaluated for the development of radiation induced cancer as recently defined by the International Commission on Radiological protection (ICRP).
Materials and Methods: An anthropomorphic phantom will be used with Thermo-Luminescence Dosimeters (TLD) to physically measure organ doses when the breast is irradiated with a complete clinical dose prescription for cancer treatment.
KFSH&RC experience: Statistics of patients treated by intraoperative radiation therapy (IORT) using Mobetron®
Shada Wadi-Ramahi, Abdullah Alsuhaibani, Belal Moftah
King Faisal Specialist Hospital and Research Center, Riyadh, Saudi Arabia
We present statistical analysis of our patients treated with Intra-operative (IORT) using the Mobetron®, which is an X-band mobile linac capable of producing electron energies of 6, 9 and 12MeV and operating at a nominal 1000MU/min. The machine came equipped with various electron cones with diameters from 30-100mm in steps of 5mm, each with three bevel angles; zero, 15 and 30degrees. One hundred and three (103) patients were treated from August/2013 until end of Dec/2015 with a total of 118 irradiation fields; 11 patients had two irradiation fields, 1 patient had three fields and 1 patient got reirradiation after one year. Male/female ratio is 61/42 with median age of 46.5years (19-77) . Treatment depth is decided by surgeon and radiation oncologist, whereas electron energy is decided by radiation oncologist with medical physicist. Prescribed isodose lines range from 70%-100% depending on various factors including beam obliquity, cone size, patient anatomy and required penetration depth. The types of tumors treated are: Gastric, pancreatic, sarcomas, seminomas, ovarian, colorectal, rectal, and colon among others. The frequency of usage of electron energy is: 6MeV(12%), 9MeV(53%) and 12MeV(35%) and the two mostly used cones are the 100 and 80mm (24% each). The 30deg angle has the highest usage (45%) whereas the zero and 15deg have equal usage (27%). The maximum dose, relative to prescription, inside the patient ranged from 100% to 130%. We have successfully treated variety of tumors in 103 patients with IORT and currently we are performing clinical study to analyze of the treatment outcome. The one of the treatment plans to lung cancer therapy is using IMRT techniques. Recently, the role of Cone Beam CT (CBCT) can be used not only to position the patient at the time prior to irradiation. The CBCT is also used to do the planning, though still in the research stage. This research aims to compare the quality of planning by using conformity index (CI) and homogeneity index (HI) for lung cancer cases using Fan Beam CT (FBCT) and Cone Beam CT (CBCT). We evaluated the impact of dose grid, electrons density calibration based on fan beam and cone beam CT. The results of shows the patient with big size target volume have tendency low CI value and high HI. On the use of grid dose variation, the CI and HI values less than 0.02 and 0.013, respectively. The differences between the cone beam and fan beam calculation were 10% for CI and 60% for HI. finally based on the result, The treatment plan using CBCT can't be used.
Comparison Homogenity Index (HI) and Conformity Index of Radiotherapy Planning in 3D-CRT and IMRT for Lung Cancer with Fan Beam CT and Cone Beam CT
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The use of Intraoperative electron-beam radiation therapy (IOERT) in multimodality approach. A single institution experience.
Abdullah Alsuhaibani
INTRODUCTION
Dose escalation with Simultaneous Integrated Boost (SIB) using Image Guided Intensity Modulated Radiotherapy (IMRT/IGRT) approach was implemented at KFSHRC in Feb 2013.Here we update our previously reported experience.
MATERIALS AND METHODS
All patients who had Neoadjuvant Chemoradiotherapy (NACRT) between Feb 2013 and August 2015 were selected from database. A total of 45 patients were identified, 15 were females and 30 were males. Average age was 57 years (28-78). Staging workup including EUS and MRI scan confirmed T3/T4 disease in 43 patients (96%) while two had T2 lesion. Average tumour size was 5.7 cm (2-11). Average time between end of radiation treatment and surgery was 8.5 weeks (6-12).39 (87%) patients had N+ disease . Circumferential Resection Margin (CRM) was involved in 25 (56%) patients. Average distance from anal verge was 5.7 cm (1-10). total dose of 50-55Gy was prescribed in 25 fractions with SIB.
RESULTS
There was no Grade 3/4 toxicity and all treatments completed without break. After NACRT, 13 patients underwent abdominoperineal resection and 32 had anterior resection all with negative margins. There were no immediate post-operative complications. 11 pts.(24.4%) had complete pathological response (pCR) while 8 had near complete response. 35 (78%) patients had negative nodes .
CONCLUSION
Dose escalation with SIB using IMRT/IGRT as NACRT for rectal cancer is feasible. Moreover it is likely to increase the rate of pCR from historic rate of 7% at KFSHRC. Nevertheless clinical benefit of this approach needs to be validated in a larger cohort of patients with longer follow up. Background and Objectives: Both TomoTherapy and RapidArc have been examined in hippocampus sparing whole brain irradiation in adults. We aim to compare both techniques in pediatrics with relatively smaller brain volume. Patients and Methods: The hippocampus, the whole brain and the eyes were manually contoured in 3 pediatric patients. TomoTherapy plan was created aiming at adequate brain coverage and as low as possible hippocampus dose, RapidArc was challenged to achieve similar or better plan results. The prescription dose was 36 Gy in 20 treatment fractions to the whole brain. Results: TomoTherapy was able to achieve a mean hippocampus dose of 13.6 Gy with brain homogeneity index [HI] of 0.14. Using RapidArc [single arc], the same hippocampus dose was not achievable without compromising the brain HI significantly. By using 2 arcs, similar results to the TomoTherapy plan were achieved. The treatment time for TomoTherapy was 3.5 minutes while it was 1.2 minutes for single arc and 2.4 minutes for two arcs. Conclusions: TomoTherapy can achieve better target coverage with lower doses to the hippocampus compared to single arc RapidArc technique, while using 2 arcs RapidArc can achieve similar results with shorter treatment time.
Keywords: TomoTherapy, RapidArc, Hippocampus, Pediatrics
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Comparison of Beam Parameters of 6MV Flattening-Filter-Free Beams from Varian Clinac Series and Truebeam System
The study was established to measure the amount of radiation outside the treatment field in external beam radiation therapy using day method of dose calculation, the data was collected from 150 patients of rectal carcinoma in order to determine if the dose outside side the irradiation treatment field for spleen, liver, both kidneys, small bowel, large colon, skin within the acceptable limit or not. The rectal field included mainly 4 organs which are bladder, cervix and hip joint these organ received mean dose of (4781.987±281.321), (4736.91±331.8), (4647.64±387.1) and (4745.91±321.11) respectively. The mean dose received by outfield organs was (77.69±15.24cGy) to large colon, (93.079±12.31cGy) to right kidney (80.688±12.644cGy) to skin, (155.86±17.69cGy) to small bowel. This was more significant value noted.
Outfiled Dose Calculation in Treatment of Breast Cancer Using Radiotherapy TPs abdoelrahman bakry, mohamed garelnabi, yousif abdullah, omer hamid sudan university of science and technology, khartoum, Sudan
This was analytical study carried out to calculate the amount of radiation dose received by critical organ inside and outside radiation field in external beam radiation therapy of breast cancer to evaluate unnecessary radiation hazard that may arise from it, and to extract the better precaution that should be done in order to manage the unacceptable doses. Conventional radiotherapy is the most method used to treat cancer in developing countries. This study was conducted in radiation and isotopes center of Khartoum (RICK) in December 2014, 85 patient was undergoing dose computation using pinnacle 3 treatment planning system which used to distribute and calculate the dose to point inside and outside radiation field limit for the lung and skin using central axis dose calculation parameters, the variable collected was isodose line at measurement points, %DD, separation SQR, age and the stage of disease. The mean dose was 3168.2±453.3cGy, 539.4±147.8cGy, 2914.167±629.13cGy for lung and skin respectively. This dose is considered significantly high and may exceeding the tolerance of this organ which lead to increase radiation complication to the patient.
Detection and GTV Definition of Brain Tumors in MRI Images Using Image Processing Technique abdoelrahman hassan, mohamed garelnabi sudan university of science and technology, khartoum, Sudan
This was experimental study conducted to detect and determination of the GTV for radiotherapy planning in brain tumor in MRI images using edge detection and image processing techniques. For brain MRI images was done using GE MR Scanner (1.5 tessla) then treated as dicom format preparing for image processing program (IDL), where the region of interest segmentation was studied. The scanned image was saved in a TIFF file format to preserve the quality of the image in order to segment the background from the foreground brain tissue. Brain tissue can be easily detected in MRI image because it has better image contrast and resolution. T1 weighted images with gadolinium contrast enhancement where used in this study. We use the histogram equalization function for more uniform pixel distribution and differentiation, edge detection and basic morphology tools to detect a tumor margin using laplacian filter, Roberts and sobel function of edge detection and label region segmentation after thresholding process of tumors intensities. The results of this study were that it showed an alternate method for displaying, detection and tumor delineation accurately, where the outline was drown around the irregular tumor margin accurately and the GTV was identified for radiotherapy further planning. Those processing approaches can help in achieving of radiotherapy goals and for better diagnosis also by increase diagnostic information of Brain tumors in MRI.
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IMRT treatment plan dosimetry as a predictor for loco-regional control in head-and-neck cancer Planning CT images of patients with loco-regional-failures were reviewed, seeking for a possible correlation between LC and the dose delivered to the area where relapse occurred. DVHs were used to extract D95%, D98%, Dmean and Equivalent-Uniform-Dose (EUD) values. Correlation of the available variables with LC was assessed by a logistic regression test.
Results:
After a median follow-up of 12 months (range: 1-28 months), 8 (26%) patients presented loco-regionalrelapse and 22 (64%) were free-of-disease. During this time, 3 (10%) patients died; all of them were tongue cancer cases. Significantly improved LC was associated with nasopharyngeal diagnosis (p=0.0004), early stages (T1, p=0.0454; N0, p=0.0024), and the use of concomitant chemotherapy (p=0.0028). Treatment plans evaluation showed that all loco-regional relapses occurred within the 95% isodose line inside the PTV of the primary disease. Dosimetric analysis showed a weak correlation between LC and D95% and D98%, but a strong dependence on Dmean (p=0.0274) and EUD (p=0.0483).
Conclusion:
LC for HNC patients treated with SIB IMRT significantly correlates with pathology, stage and the use of concomitant chemotherapy. Dosimetric data such as Dmean and EUD appear to be useful predictors of LC for this group of patients. 
THE POTENTIAL PALLIATIVE ROLE AND POSSIBLE IMMUNE MODULATORY EFFECTS OF LOW-DOSE TOTAL BODY IRRADIATION IN RELAPSED OR CHEMO-RESISTANT NON-HODGKIN'S LYMPHOMA
Nahla El Sharkawy NCI, Cairo, Egypt
In a group of 35 patients with relapsed and/or chemo-resistant non-Hodgkin's lymphoma (NHL), low-dose total body irradiation (LTBI) (+involved-field radiotherapy to bulky sites) achieved a complete remission rate of 29%, 2-years progression-free survival of 32% and a median progression-free survival of 12 months. The 2-year survival was 42% and the median survival was 17 months. Immuno-staining and flow cytometry of peripheral blood in 14 patients showed that LTBI leads to a significant increase in the percentage of CD4+ cells with a consequent significant increase in the CD4+/CD8+ ratio. High lymphocytic percent and a high percentage of CD4+ cells before LTBI were significantly correlated with longer response duration and overall survival. These data may suggest that the palliative potential of LTBI should be investigated as an alternative to chemotherapy in NHL patients. The pre-treatment percentage of lymphocytes and CD4+ cells may be used as predictors for response to LTBI.
0108
Helical tomotherapy for craniospinal axis radiation in children: a dosimetric comparison with 3D conformal radiotherapy Muhammad Adeel Ilyas, Yasser Khafaga, Rana Mahmood, Belal moftah, Mamoun Shehadeh King Faisal Specialist Hospital and Research Centre, Riyadh, Saudi Arabia BACKGROUND: For medulloblastoma, 3D conformal radiotherapy (3DRT) is routinely used for delivering craniospinal axis radiotherapy treatment. In this study, we compared the dosimetric results for helical tomotherapy (HT) plan with traditional 3DRT plan for this treatment.
MATERIAL AND METHODS:
HT and 3D RT plans for craniospinal axis treatment were generated for an 11 year old child having anaplastic medulloblastoma. The planning target volume (PTV) included treating the whole brain and spine to a dose of 36 Gy, followed by a sequential brain posterior fossa boost of 18 Gy using 1.8 Gy daily fractions (Total dose 54 Gy). Treatment plans were evaluated using standard dose-volume histograms and dose to organs at risk (OAR) were compared.
RESULTS:
HT resulted in lower dose to parotids (Dmean 17.5 Gy HT vs. 43 Gy 3DRT), lens (Dmax 5 Gy HT vs. 13 Gy 3DRT), Thyroid (Dmean 7.5 Gy HT vs. 9Gy 3DRT), Heart (Dmean 10 Gy HT vs. 17 Gy 3DRT) and Esophagus (Dmean 18 Gy HT vs. 28 Gy 3DRT). The dose to the kidneys and lungs were comparable in both the treatment plans.
CONCLUSION:
In children, HT offers better sparing for midline OAR. However there was no advantage of HT for sparing the kidneys and lungs. Moreover, HT avoids the potential errors that may result from beam matching and setup technicalities required for 3DRT craniospinal treatment. Background: Lung cancer is the most common cancer in adults in Jordan. Whereas most cases of nonsmall cell lung cancer(NSCLC) were diagnosed with stage III-IV, recently more stage I-II are diagnosed. Stereotactic-body-radiotherapy(SBRT) is considered standard-of-care for inoperable NSCLC. This procedure needs to be implemented with care especially where resources are sparse and collaboration between centers in developing and developed countries is crucial. We discuss steps taken for implementation for SBRT at our center through collaboration with MD Anderson Cancer Center(MDACC). Method: Following the collaborative agreement an on-site hands-on training workshop was organized and later an overseas training visit was scheduled. Our equipment consists of Pinnacle® TPS, Big-Bore CT and Elekta Precise-series linac. MDACC provided overview and feedback on commissioning, clinical procedures, 4DCT for respiratory management and PET/CT for delineation. The overview continued for the first few cases of SBRT patients treated and was considered as a form of peer-review, in which dose fractionation, beam geometry and dosimetrical issues where discussed via electronic correspondence. Institutional protocols for clinical and physics issues were written and approved. It should be noted that for implementation of such procedures, the expertise of the local staff chosen to liaise with the collaborative institution is important to assure proper transfer of knowledge. Results and Conclusion: Successful implementation and treatment of inoperable NSCLC patients using SBRT in Jordan was achieved as a result of knowledge transfer and cooperation. Global fight against cancer dictates the need for international collaboration more so in resource-limited countries for the nonconventional radiotherapy procedures.
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A new tissue-equivalent phantom applied to radiotherapy treatment: a feasibilty study
Mohammad Aljamal Arab American University, Jenin, Occupied Palestinian Territory
The aim of this project is to evaluate the feasibility of using olive wood as tissue-equivalent material instead of Perspex material for PDD and beam profile measurement. The mass density of olive wood was determined based on Archimedes' principle. Monte Carlo simulation was also carried out to calculate percentage depth dose (PDD) and beam profiles in the simulated olive wood phantom to verify the data calculated using simulated water phantom for the same field size. It was found that the mass density of olive wood was 1024 kg m -3 , which is very close to mass density of water. The PDD and beam profile calculated using simulated olive wood phantom agreed very well with that calculated using simulated water phantom. In conclusion, the results showed that the olive wood material is water-equivalent material based on density measurement and montecarlo simulation calculation and it could be used as phantom for radiotherapy dose verification instead Perspex phantom. We recently commissioned a new clinical HD VERSA linear accelerator (LINAC) from Elekta at King Abdulaziz University Hospital/ King Faisal Specialist Hospital and Research Center, Jeddah. The LINAC consist of 5 photons (2 with Flattening Filter Free modes) and 4 electron beam energies coupled with the XVI imaging guidance system and the Hexapod 6-D couch system. The beam calibration of the LINAC was performed using the TRS 398 calibration protocol and several data such as percentage depth dose and profiles and other dosimetry metrics of interest were obtained. The beam model was generated and benchmarked with measurements according to Elekta recommendations using test beams incorporated into our MONACO planning system and Mosaiq record and verify system. The plan versus measurement comparisons was done using the 729 Octavius 2D Array Dosimeter from PTW. We also completed end to end checks using real clinical cases to ensure the accuracy and validity of our beam model. In this contribution, the results of the successful beam commissioning and validation of the HD Versa is presented.
